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Jorge has now described the general outline and our 
results for the all-inclusive SMEFT global fit.   This 
involves a very large number of operator coefficients 
that must be determined from data.   The full 
picture is very complex. 
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In this talk, I would like to discuss a subset of this problem, 
the determination of SMEFT coefficients at future e+e- 
colliders. 

There are several advantages in working in this restrictive 
context: 

Only a subset of dimension-6 SMEFT operators are relevant.  
If we deal with electroweak processes, we can restrict 
ourselves to operators that appear at the tree level. 

These operators are associated with specific leptons or 
bosons that can be directly identified experimentally. 

e+e- Higgs factories supply a large number of independent 
observables to constrain SMEFT corrections.  This is 
especially true for linear colliders with beam polarization.
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These points lead to a tight closed system of SMEFT 
coefficients, whose values can be obtained robustly 
without degenerate directions. 

At e+e- Higgs factories, it is possible to use SMEFT as a 
model.   Such a model is needed, e.g., to determine the 
Higgs boson width and the absolute normalization of Higgs  
boson couplings.   For this task, we need a maximally 
model-independent description.  SMEFT actually provides 
this, with only the assumption that the new particles are 
much heavier than the Higgs boson mass.
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To make my point, I will include in the fits in this talk 
only the minimal amount of information from sources 
other than an e+e- Higgs factory.   The uncertainties can 
be somewhat improved by including HL-LHC results and 
some results from lower energies.   Here I will include 
only 

   precision electroweak inputs: 

   HL-LHC expected ratios of BRs: 
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I will develop the analysis in 3 stages: 

1. Include only purely bosonic SMEFT operators and Higgs 
couplings, plus lepton-W,Z couplings assuming lepton 
universality 

2. Remove the assumption of lepton universality 

3. Add 4-fermion contact interactions 

In this talk, I will not discuss the addition of CP-violating 
operators. Also, adding the (t,b) system adds a very 
large number of operators.  For the processes that I will 
consider, these are not important for                           .  
The effects of these operators will be discussed in 
Victor’s talk.
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Let’s begin with 3 subsets of the full set of SMEFT 
operators: 

Operators with γ, W, Z, h only (using equations of motion 
to minimize this set.   There are 7 of these: 

Operators that modify the couplings of leptons to SM 
bosons—3 of these.  (Here I assume lepton universality.)
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Also we need 2 more linear combinations of these 
operators that modify               . 

Operators that modify individual Higgs boson couplings 
(5 of these).
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Put       aside for a moment.   Then we have 16  Wilson 
coefficients plus 4 tree-level SM parameters.  In the ILC 
fits, we also add 2 parameters to represent the 
branching ratios to invisible and visible but exotic final 
states. 

In all, we have 22 parameters.
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At 250 GeV, there are not 22 independent observables in 
Higgs processes alone.  However, the SMEFT effective 
Lagrangian is the effective Lagrangian for all of particle 
physics.   So we can get additional observables from 
precision electroweak and                            .  The 
result is a highly overdetermined fit. 

In fact, even         is a redundant piece of information. 
This will be important later.
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Treatment of 
<latexit sha1_base64="f0jB1IcWQlopb4B66TrWSHT7izc="></latexit>
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The triple gauge boson coupling measurement has been 
studied at Higgs factories in full simulation only at 500 
GeV, and with linear collider polarized beams. 

The cross section also depends on SMEFT coefficients, 
e.g. those contributing to the electron W and Z 
couplings, but this was not taken into account. 

To treat this, we use the “optimal observables” method 
(Diehl, Nachtmann, Gunion, Grzadkowski, He).  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A fully differential cross section is given in terms of 
SMEFT parameters          by <latexit sha1_base64="5Ng/1KQO88cdV1U5MHhOGEIXbQs="></latexit>cj
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Then the statistical error on the      is given by a 
covariance matrix given by

<latexit sha1_base64="5Ng/1KQO88cdV1U5MHhOGEIXbQs="></latexit>cj

     is the efficiency for events to be included in the 
analysis.   

This is evaluated by Monte Carlo integration.  As many 
parameters as you wish can be easily added.
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In principle, the cross section should be smeared by 
detector effects and     should depend on the point in 
phase space. 

In practice, we take the tree-level, parton-level cross 
section and, after simple angular cuts, assume that       
is constant over phase space.     is chosen to agree with 
ILC full simulation, we find 

Since                             is also used to determine the 
luminosity and effective beam polarization, we include 
these as nuisance variables and integrate them out.  
This degrades the TGC determination by about 10%. 

The model is simple, but it can be used for any energy 
and polarization setting.
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Next, relax the assumption of lepton universality. 

The observables  
are measured independently for each lepton.   So, we 
can extend the fit from  3 to  9  Higgs-lepton coupling 
parameters. 

This leads to a 28-parameter SMEFT fit, and the results 
are robust with respect to this extension.
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Now add back      .        affects the single-Higgs processes 
through a loop correction to the hWW and hZZ vertices. 

At any one energy, this effect is highly degenerate with 
other parameters that shift the normalization of these 
vertices.   Running at two energies is needed to make the 
effect visible.  But, in that case, the fit is robust with 
respect to the addition of      .
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For FCC-ee, the corresponding error on      from 
this “indirect” determination is   48%.
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Finally, add                    processes.  These add 5 SMEFT 
operators for each flavor (3 parameters for e):

<latexit sha1_base64="vNM6dXjc220Ptm5+TUooN+VLVPs="></latexit>

e+e� ! ff

<latexit sha1_base64="TpHQY76AqLT+LBylEx32+sQn9LI="></latexit>

+
cLR

v2
(Le�

µLe)(fR�µfR) +
c0RL

v2
(eR�

µeR)(Lf�µLf )
<latexit sha1_base64="BiiBH204W9Ucsl9C6H5NbUpnLcg="></latexit>

+
cRR

v2
(eR�

µeR)(fR�µfR)

With polarized beams, 4 parameters are determined by 
the total cross section, the FB asymmetry, and the 
polarization asymmetries in these.  The 5th parameter is 
determined, e.g., by        . 

With unpolarized beams, there are only 2+1 observables, 
so the fit cannot determine all of the parameters 
independently.  Using multiple energies can help.
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The sensitivity to individual operators is very high.  For 
the compositeness scales     , expected 95% CL 
exclusion limits are 
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(The PDG defines compositeness interactions as current-
current interactions with the prefactor            .) 

Yong will discuss                contact interactions.

<latexit sha1_base64="PiIe8NqVslIXG/Wc4KGscBOe45s="></latexit>

2⇡/⇤2

<latexit sha1_base64="vw/1DjcQpgqsn4wGjHxLOYiBkhs="></latexit>

e+e�qq



Finally, the SMEFT fit allows us to assess the tradeoff 
between luminosity and polarization for circular vs. 
linear colliders.   I will show results from the same 
fitter with the same inputs, but with the specific run 
plans of each collider. 

All results here come from the 35+6 parameter fit.
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First, results at 240/250 GeV:
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next, results for the full program
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finally, results for 4-fermion operators from the fit 
including all (almost all) operators:
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It is remarkable that, at (polarized) e+e- Higgs 
factories, it is possible to robustly independently 
determine all dimension-6 SMEFT coefficients that 
enter the key processes at the tree level. 

This will give a great deal of specificity to the 
identification of any deviation from the Standard 
Model.
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